Regulation of the extrinsic and intrinsic apoptotic pathways in the prefrontal cortex of short- and long-term human opiate abusers.
Opiate addiction is a chronic medical disorder characterized by drug tolerance and dependence, behavioral sensitization, vulnerability to compulsive relapse, and high mortality. In laboratory animals, the potential effect of opiate drugs to induce cell death by apoptosis is a controversial topic. This postmortem human brain study examined the status of the extrinsic and intrinsic apoptotic pathways in the prefrontal cortex of a large group of well-characterized heroin or methadone abusers. In these subjects (n=36), the immunocontent of apoptosis-1 protein (Fas) death receptor did not differ from that in age-, gender-, and postmortem delay-matched controls. In contrast, Fas-associated protein with death domain (FADD), the mediator of the death signal, was significantly decreased in the same brain samples (all addicts: 30%, n=36; short-term abuse (ST): 31%, n=15; long-term abuse (LT): 29%, n=21). The initiator caspase-8 was not altered, but FLIP(L) (Fas-associated protein with death domain-like interleukin-1beta-converting enzyme-inhibitory protein), a dominant inhibitor of caspase-8, was increased in LT addicts (19%). In the intrinsic pathway, the pro-apoptotic mitochondrial proteins Bax (Bcl-2-associated X protein) and AIF (apoptosis-inducing factor) remained unchanged, but cytochrome c was decreased (all addicts: 25%; ST: 31%; LT: 20%) and anti-apoptotic B-cell leukemia 2 (Bcl-2) increased in LT addicts (24%). The content of executioner caspase-3 and the pattern of cleavage of the nuclear enzyme poly-(ADP-ribose)-polymerase-1 (PARP-1) were similar in opiate addicts and control subjects. Taken together, the data revealed that the extrinsic and intrinsic canonical apoptotic pathways are not abnormally activated in the prefrontal cortex of opiate abusers. Instead, the chronic modulation of some of their components (downregulation of FADD and cytochrome c; upregulation of FLIP(L) and Bcl-2) suggests the induction of non-apoptotic actions by opiate drugs related to phenomena of synaptic plasticity in the brain. These neurochemical adaptations could play a major role in the development of opiate tolerance, sensitization and relapse in human addicts.